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Summary
Rationale: The quality of medial tibial plateau (MT-Plateau) alignment is one of the key elements for accuracy and sensitivity to change of
knee radiography in knee osteoarthritis (OA).
Aim: To evaluate the inﬂuence of the quality of the MT-Plateau alignment on the reproducibility of joint space width (JSW) measurement in
knee radiographs.
Methods: One hundred and twenty-seven knee radiographs (99 OA), performed using a standardized radiographic procedure (Lyon schuss
(LS) view).
 Evaluation of the quality of MT-Plateau alignment.
 Computerized measurement of the JSW, twice, 1-month apart, using a semi-automated and an automated method of measurement.
 Assessment of the reproducibility of repeated measurements: calculation of intra-observer coefﬁcient of correlation, smallest detectable
difference (SDD) and coefﬁcient of variation (CV).
Results: MT-Plateau alignment was satisfactory in 99 radiographs (77.9%).
Reproducibility was excellent in both satisfactory and non-satisfactory radiographs, irrespective of the method of measurement used. The
automated measurement was more reproducible than the semi-automated one (CV 1.15% and 3.23%).
SDD and CV were better in satisfactory than in non-satisfactory MT-Plateau aligned radiographs.
Conclusion: These results conﬁrm that computer measurement of the medial tibio-femoral JSW, from LS digitized radiographs, is highly
reproducible, irrespective of the quality of the radiograph. However, the quality of the MT-Plateau alignment inﬂuences the reproducibility of
JSW measurement. The automated measurement was more reproducible than the semi-automated one.
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International
Cartilage
Repair
SocietyThe development of sensitive and accurate methods for
measuring joint damage in osteoarthritis (OA) is essential
for the assessment of the disease progression and for the
development of the disease-modifying drugs for OA1.
Despite the fact that magnetic resonance imaging is now
considered the method of choice for accurately monitoring
cartilage changes in OA, measurement of joint space width
(JSW) from standard radiographs remains currently the
simplest tool for the evaluation of the progression of
cartilage destruction2,3.
Various techniques of measurement have been designed
to quantitatively assess knee and hip JSW from standard
radiographs4e10. There is evidence that reproducibility of
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with other methods (ruler, calliper, magnifying lens).
However, irrespective of the method of measurement
chosen, both accuracy and reproducibility of JSW mea-
surement were shown to highly depend on the quality of the
radiograph, and consequently on the radiographic pro-
cedure and on the positioning of the joint11e13. JSW of the
medial tibio-femoral compartment was demonstrated to
vary with weight-bearing, alignment of the medial tibial
plateau (MT-Plateau), X-ray beam inclination, rotation of the
feet, and degree of knee ﬂexion12,13. For these reasons,
a number of standardized radiographic protocols have been
developed10,14e18. Their advantages and limitations have
been extensively discussed in a recent workshop19.
The Lyon schuss (LS) view designates a weight-bearing,
postero-anterior (PA), ﬂuoroscopically assisted radiograph
of the knee in ﬂexion15,20. The degree of ﬂexion is set as
a result of the positioning of the patient with the pelvis,
thighs, knees and tips of the big toes co-planar and in
contact with the examination table (Fig. 1). The resulting
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on the patients (according to the relative length of the feet
and tibia), but is kept constant in serial radiographs of
a given subject, leading to a high reproducibility of joint
positioning15. The latter is improved by using a trapezoidal
toe-clip, whose base measured 22 cm and was in contact
with the radiographic table, to obtain a ﬁxed 10( external
rotation. Fluoroscopy is then used to modify the X-ray beam
angle in order to obtain a good alignment of the anterior and
posterior margins of the MT-Plateau. The mean X-ray beam
angle to obtain a satisfactory MT-Plateau alignment is
10(e11(downward17,21, but varies widely between individ-
uals because of the large inter-individual variations in the
anatomy of the knee21. For this reason it has been shown
that a satisfactory MT-Plateau alignment could be achieved
in only 60% of the knee radiographs without ﬂuoroscopic
control vs 88% with the ﬂuoroscopically assisted protocol21.
Because many clinical centers do not have access to
ﬂuoroscopic equipment, and because it appears very
difﬁcult to maintain high levels of quality control of
radiographs, the present study was undertaken to evaluate
whether a good alignment of the MT-Plateau was of
importance for the reproducibility of JSW computer mea-
surement from LS knee radiographs.
Patients and methods
Knee radiographs were performed in 80 consecutive
subjects, aged 40 or older (mean/standard deviation (SD)
60.1/10.8) referring to a Rheumatology out-patients’ de-
partment for chronic (O3 months) uni- or bilateral knee pain
(Table I). LS view of the knee was performed in all patients in
3
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Fig. 1. Lyon schuss (LS) view acquisition protocol and patient
positioning. (1) X-ray cassette, (2) trapezoidal toe-clip, (3)
ﬂuoroscopy.a single radiology department by two experienced radiology
technicians who have been trained in its performance.
Patient positioning for LS radiographs was performed as
previously described21. Source-to-ﬁlm distance was
100 cm. The central X-ray beam was directed at the center
of the joint, in the space between the tibial spines and the
femoral notch. In 97 knees the angle of the X-ray beam was
then adjusted ﬂuoroscopically to provide optimal alignment
with the MT-Plateau. In the remaining 30 knees the ﬂuoros-
copy was not used. This set of patients was belonging to
a study whose aim was to assess the utility of ﬂuoroscopy
for the quality of tibial plateau alignment. The central X-ray
beam was directed at the center of the popliteal line with the
help of the radiographic tube’s positioning light, with
a constant 11( downward X-ray beam inclination.
ASSESSMENT OF MT-PLATEAU ALIGNMENT
The degree of alignment of the MT-Plateau with the X-ray
beam was assessed by the same observer. Alignment of
the tibial plateau was graded as satisfactory ( good, fair) or
non-satisfactory ( poor, bad), based on the distance
between the anterior and posterior rims of the plateau
[respectively: nil ( good), %1 mm ( fair), O1 and !2 mm
( poor), and O2 mm (bad)]10,13,22 (Fig. 2). The measure-
ment was performed with the computer at the intersection
between the MT-Plateau and the vertical diameter of the
femoral condyle. The latter was automatically obtained from
a circle ﬁtted to the condyle from three points set with the
mouse by the observer (Fig. 3). Assessment was performed
twice, 1-month apart, with the observer unaware of the
name of patients and the result of previous evaluation.
MEASUREMENT OF JSW
Measurement of JSW was performed with two different
computer-assisted methods.
Semi-automated measurement
Minimum JSW was measured by an experienced
observer using a digitized image analysis system (Lemas-
can, Actibase, Lyon, France) as previously published20.
The outer limit of the measured region was delineated by
the non-osteophytic medial edge of the tibio-femoral
compartment. The inner limit of the measured region was
then delineated at a constant distance from the outer limit
by the computer. After the bone edges had been delineated
by the examiner with the help of the mouse, the computer
automatically calculated the measurement at the point of
maximum narrowing. All radiographs were measured twice,
at a 1-month interval, with the observer unaware of the
name of patients and the values of previous measurements.
Automated measurement
Minimum JSW was also measured, twice, 1-month apart,
by the same observer using a novel version of the software
(Holy’s software-ß13, Actibase, Lyon, France) in which
the joint space contour detection was automatically
performed by the computer with the help of an edge-based
algorithm. Landmarks were deﬁned as follows. All the
radiographs were oriented such that the medial compart-
ment was situated on the right of the computer screen. The
x-axis was deﬁned by a vertical line (A) obtained with
a single click on the non-osteophytic outer edge of the MT-
plateau. The vertical inner limit was then automatically
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Patient characteristics according to the quality of medial tibial plateau alignment
Item Satisfactory alignment Non-satisfactory alignment P
Mean SD Range Mean SD Range
Weight (kg) 71 11 46e102 70 14 45e98 ns
Height (cm) 164 7 150e180 160 5 152e168 ns
BMI 26.6 4.2 18.4e43.3 25 3.6 16.5e32.4 ns
JSW (mm) 3.44 1.5 0e6.3 2.73 1.77 0e5.7 0.03
JSW: joint space width [automated measurement]; BMI: body mass index.delineated at a constant distance from the outer limit. The
y-axis of the coordinate system was deﬁned by a horizontal
line (B) obtained by a single click on line A, just below the
joint space. Automatically a parallel line was drawn by the
computer at a constant distance above line B. Within these
landmarks the bone contours of both femoral condyle and
tibial plateau were automatically obtained (Fig. 4). When the
algorithm failed to delineate the contours the reader could
correct the computer-drawn contours as appropriate, using
the same method as that for the semi-automated measure-
ment described below.STATISTICAL ANALYSIS
A computer database containing all measured data was
created in StatView 5.0 (SAS institute Inc.) format. The
intra-observer reproducibility of the MT-Plateau alignment
evaluation was obtained using kappa statistics. Reproduc-
ibility of JS measurement was assessed for each method of
measurement, and according to the quality of MT-Plateau
alignment:
(1) by calculating the intra-observer coefﬁcient of correla-
tion between repeated measurements;Fig. 2. Quality of the Lyon schuss (LS) radiographs based on the medial plateau alignment. (A) Good, (B) fair, (C) poor, (D) bad (the arrows
indicate the sites of assessment).
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between the ﬁrst and the second measurement. The
data were summarized using the Bland and Altman
plotting method23;
(3) by calculating the root-mean-square SD ½RMS SD=P ðx1þ x2Þ2=2N and the coefﬁcient of variation (CV)
[RMS SD=PðX1 þ X2Þ2=2NÞ].
The relationships between quality of MT-Plateau align-
ment and reproducibility were studied using analysis of
variance. Linear regression was used to investigate the
correlation between automated and semi-automated meas-
urements. P values !0.05 were considered statistically
signiﬁcant.
Results
One hundred and twenty-seven knees, from 80 patients
(51 women, 29 men), were assessed. The tibial spines
appeared centrally placed relative to the femoral notches in
123 radiographs (96.8%), showing that the external foot
rotation was adequate. Ninety-nine knees were classiﬁed
as osteoarthritic and 28 as normal24.
TIBIAL PLATEAU ALIGNMENT
Ninety-nine radiographs (77.9%) were classiﬁed as
satisfactory for MT-Plateau alignment (55 good, 44 fair).
The percentage was similar in knees with OA (79.8%)
compared to that in normal knee (82.1%). Twenty-eight
X-rays were not satisfactorily aligned (11 poor, 17 bad). The
intra-observer reproducibility (kappa statistics) obtained
from the blind assessment of the 127 knee radiographs
(satisfactory/non-satisfactory) was 0.98.
REPRODUCIBILITY OF JSW MEASUREMENT
Using the semi-automated method of measurement, the
mean difference (SD; range) between the ﬁrst and second
measurements of the JSW was 0.01 mm (0.14; 0.29 to
0.28 mm) (Fig. 2). The minimal relevant change between
two measurements of a single ﬁlm (smallest detectable
difference, SDDZ 2 SD) was 0.28 mm. The intra-class
coefﬁcient of correlation between repeated measurements
of the same ﬁlm was 0.997 and CV was 3.23%. The
difference between ﬁrst and second measurements (mean/
SD) was signiﬁcantly lower in satisfactory than in non-
satisfactory radiographs (0.008 mm/0.14 vs 0.06 mm/0.13)
(Fisher’s exact test, P ¼ 0:04). CV was slightly better for
Fig. 3. Computer measurement of medial tibial plateau alignment
from Lyon schuss radiograph of the knee.satisfactory (2.9%) than that for non-satisfactory radio-
graphs (3.4%).
Using the automated method of measurement the mean
difference (SD; range) between the ﬁrst and second
measurement of the JSW was 0.005 mm (0.06; 0.29 to
0.28 mm). The SDD between two measurements of a single
ﬁlm was 0.12 mm. The intra-class coefﬁcient of correlation
between repeated measurements of the same ﬁlm was
0.998 and the CV was 1.15%. The difference between
ﬁrst and second measurements (mean/SD) was lower
in satisfactory than in non-satisfactory radiographs
(0.005 mm/0.06 vs 0.016 mm/0.06) but this difference did
not reach the statistical signiﬁcance (P ¼ 0:5). The SDD
between two measurements of a single ﬁlm was 0.12 mm
for both satisfactorily and non-satisfactorily aligned radio-
graphs (Figs. 4 and 5). However, the CV was much lower
(0.8%) in satisfactory than in non-satisfactory (3.5%)
radiographs.
The values of JSW obtained from automated and semi-
automated measurements were highly correlated
(R ¼ 0:99; P!0:0001).
Discussion
These results conﬁrm that computer measurement of the
medial tibio-femoral JSW, from digitized radiographs, is
highly reproducible, irrespective of the quality of the
radiograph. Our results are consistent with those obtained
by Duryea et al.24. With the automated measurement the
SDD, i.e., the minimum relevant difference between two
measurements, was 0.12 mm and the CV was 1.15%. The
semi-automated measurement appeared to be less re-
producible than the automated one (SDDZ 0.28 mm,
CVZ 3.23%), although it remained much more reproduc-
ible than the non-computer-assisted methods9,12.
An adequate protocol for radiographic assessment of the
JSW in knee OA must fulﬁll two essential conditions. First, it
must afford a good superimposition of serial radiographs,
which can be achieved by standardization of both the
radiographic procedure and the joint positioning. Mazzuca
et al.25 demonstrated that a uniform good alignment of the
MT-Plateau in paired radiographs resulted in remarkable
homogeneity in the rate of JSN over a mean period of 2.6
Fig. 4. Automated-computer measurement of joint space width of
the medial tibial plateau from Lyon schuss radiograph of the knee.
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MT-Plateau was apparent in both members of the paired
radiographs, the annual rate of JSN was nil and the SD of
JSN was 61% higher than that in knees in which alignment
was satisfactory. The reproducibility of measurements of
JSN in the present study was evaluated by repeated
measurement of the same image from 127 knee radio-
graphs. Ideally, adequate evaluation of the reproducibility of
a radiographic method requires the analysis of multiple
radiographs of the same joint on the same day. Neverthe-
less we felt that such a protocol was not ethically justiﬁed
because of the associated cumulative radiation exposure.
In a recent study Peterfy et al.17 showed an excellent
reproducibility of joint positioning in ﬂuoroscopic ﬁxed-
ﬂexion PA radiographs of the knee, which is a radiological
view very similar to the LS view, in which positioning of the
knee is obtained by use of the SynaFlex frame (Synarc,
Inc., San Francisco, CA), an L-shaped platform on which
the subject stands and leans forward to ﬁx the femorotibial
angle, as well as angles of knee ﬂexion and foot rotation.
The second condition, that the knee radiograph has to
fulﬁll, is to obtain a good alignment of the tibial plateau, that
is to say, a precise superimposition of the anterior and
posterior rims of the plateau. In our study it was obtained in
chieﬂy 80% of the cases. Although the present data showed
that the quality of MT-Plateau alignment is not of major
importance in the reproducibility of computer JSW mea-
surement, the CV of measurement was better in satisfactory
than in non-satisfactory radiographs, especially in automated
measurement. Furthermore the quality of MT-Plateau align-
ment has also been suggested to be of importance for the
sensitivity to change in serial X-rays over time. In a pro-
spective study20 of serial LS views, the sensitivity of the JSW
to change was directly related to the quality of MT-Plateau
alignment. The standard response mean (mean change/SD
of change) was, respectively, 0.72 and 0.38 in satisfactorily
and non-satisfactorily aligned radiographs and unexpected
increases in JSW of >0.5 mm were noted in paired images
with poor alignment, but never observed in pairs with good
alignment. Mazzuca et al.18 prospectively compared over 14
month non-ﬂuoroscopically assisted MTP radiographs and
ﬂuoroscopically assisted semi-ﬂexed AP view and reached
the same conclusion.
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Fig. 5. Reproducibility of medial tibio-femoral joint space width
(JSW) measurement from 127 Lyon schuss (LS) view radiographs.
Plot of the data according to Bland and Altman, using an
automated-computer measurement method (, non-satisfactory
alignment, B, satisfactory alignment).In summary, the accurate alignment of the MT-Plateau
inﬂuences not only the sensitivity to change but also the
reproducibility of the joint space measurement. The careful
joint positioning, the use of standardized radiological
procedure, the help of ﬂuoroscopy and the speciﬁcally
training of the radiology technicians in its performance are
essential conditions to obtain reproducible and good quality
LS knee radiographs.
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